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Abstract: The pollen grain morphology of Jacaratia corumbensis Kuntze, J. spinosa (Aubl.) 
A.DC., Vasconcellea quercifolia A. St.-Hil., and Carica papaya L. from Argentine samples were 
examined for the first time, using light and scanning electron microscopes. Observations and 
measurements were performed on acetolyzed pollen grains. Principal-components analysis was 
performed for quantitative morphological variables. Pollen grains were tri-colporate with 
lalongate endoaperture, oblate spheroidal to prolate, medium, exine bireticulate or reticulate, with 
granulate lumina. Fastigium was present. Novel palynological data in this study for species 
identification revealed the presence of margo in C. papaya and variations in endoaperture shapes 
in all the species. The endoaperture ends often were H-shaped or horn-shaped. The biplot showed 
a clear separation of the four taxa based on the palynological traits. V. quercifolia was strongly 
correlated with equatorial diameter, equatorial diameter in polar view, exine thickness, and polar 
diameter, whereas J. corumbensis and J. spinosa were positively correlated with polar index and 
polar area index, respectively. The distance between two colpi allowed the discrimination of C. 
papaya. We confirmed the homogenous nature for most of the qualitative palynological 
characters in Caricaceae, and demonstrated that pollen morphology in combination with 
statistical analyses is a reliable tool for delimiting taxonomic groups. 
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Caricaceae Dumort. is a small family that belongs to the Brassicales order and comprises 6 
genera and about 34 species of usually dioecious trees, shrubs or herbs (Carvalho et al. 2015; 
APG IV 2016). This family presents staminate flowers with a rudimentary pistil and pistillate 
flowers without vestiges of the androecium; in Carica L. perfect flowers are also present 
(Kubitzki 2003). The family is mostly Neotropical, distributed from Mexico to Argentina and 
Chile, with only two native species (Cylicomorpha Urb.) from Africa (Kubitzki 2003). The 
monotypic Carica papaya L. is the most economically important species of the family not only 
because it is used for its fruits crop, but also because it produces the enzyme papain, which is 
used in food and pharmaceutical industries (Carvalho et al. 2015). In Argentina, the species was 
introduced and cultivated for the production of fruits and candy elaboration. The genera native to 
this country are Jacaratia A. DC. and Vasconcellea A. St.-Hil. (Zuloaga et al. 2008). 
Vasconcellea species are also of increasing interest because of their properties potentially suitable 
for C. papaya improvement (Siar et al. 2011; Silva et al. 2012; d' Eeckenbrugge 2014). In the 
early taxonomic studies, Carica and Vasconcellea were treated as a single genus, but later both 
genera were rehabilitated (Badillo 1967, 1971, 2000). The most comprehensive molecular 
phylogeny of the family subsequently supported the monophyly of Vasconcellea confirming the 
phylogenetic distance with Carica and its relationship with Jacaratia, whereas Carica is closely 
related to Jarilla Rusby and Horovitzia V.M. Badillo (Carvalho and Renner 2014).  
Palynology is an important source of morphological information for the taxonomy, phylogenetic, 
and evolutionary trends of pollen in a wide range of angiosperm families. It is also important for 
studies on pollen preserved as fossil in sediments or archaeological sites, and for characterization 
of the botanical composition and geographical origin of honeys (Erdtman 1952; Walker and 





























































































































Doyle 1975; Barth et al. 2004; Pire et al. 2004; Doyle 2005; Sodré et al. 2007; Wortley et al. 
2015). In recent studies, pollen grains analyzed in honey samples were identified as belonging to 
Carica and Vasconcellea (Flores and Sánchez 2010; Sánchez and Lupo 2011; Barth et al. 2013). 
Even though the species exhibit phalaenophilous syndrome (Bawa 1980), bees harvesting pollen 
from staminate flowers, have been reported (Piratelli et al. 1998; Cerino et al. 2015; Dey et al. 
2016). Regarding palynological studies, Erdtman (1952) was the first author to describe the 
pollen grains of C. papaya and Jacaratia mexicana A. DC. Badillo (1971) reported some pollen 
characters in species of Cylicomorpha, Jacaratia, Jarilla, and Vasconcellea. Fisher (1980), Silva 
Santos et al. (2008) and Phuangrat et al. (2013) mentioned a few pollen features for C. papaya 
regarding exine sculpture, infratectum structure, and aperture type. Sandoval Sierra et al. (2006) 
studied quantitative and qualitative morphological characters of the pollen grains in C. papaya 
and in 6 of 21 species of Vasconcellea. The latter study revealed that the polar and equatorial 
axes, and polar area were valuable taxonomic characters for the distinction of both genera. In 
addition, the previously cited studies revealed morphological variability of the pollen grains 
within C. papaya. Nevertheless, pollen studies in Caricaceae are still scarce, possibly due to the 
small size of the family and the fact that slight palynological variations were observed (Erdtman 
1952; Badillo 1971). 
Given the significance of palynological information and its systematization in different research 
fields, the aim of this study was to investigate for the first time the pollen grain morphology in 
Jacaratia corumbensis Kuntze, J. spinosa (Aubl.) A.DC., and Vasconcellea quercifolia A. St.-
Hil., and in the C. papaya samples from Argentina. The taxonomic value of pollen morphological 
attributes was verified.  
  





























































































































Materials and methods 
Plant material 
The pollen material was obtained from mature staminate floral buds of herbarium specimens 
deposited at the Instituto de Botánica del Nordeste herbarium (Table 1).  
Pollen morphological analyses 
Pollen morphology was studied using light microscopy (LM) and scanning electron microscopy 
(SEM). The pollen grains were acetolyzed according to the methodology of Erdtman (1966). The 
samples were mounted in glycerin jelly and the slides were then deposited in the pollen 
herbarium of the National University of the Northeast (PAL-CTES). Measurements and 
photographs were obtained with a Leica DM LB2 (Leica, Wetzlar, Germany) light microscope. 
For SEM analyses, the acetolyzed pollen grains were mounted on a metal stub and coated with 20 
nm of gold-palladium. Microphotographs were obtained with a Jeol JSM-5800LV (JEOL USA, 
Peabody, MA, USA) scanning electron microscope.  
The terminology used to describe pollen grains follows that of Punt et al. (2007). The quantitative 
traits were: equatorial diameter (E), polar diameter (P), polar index (PI), equatorial diameter in 
polar view (EP), exine thickness (Ex), distance between two colpi in polar view (DC), polar area 
index (PAI), endoaperture length (EnL), and endoaperture width (EnW). For each species, 
measurements were made on 30 pollen grains from two or three specimens. To measure the 
endoaperture size, the widest diameter was considered. The pollen shapes are determined 
according to the ratio between the polar axis and equatorial diameter (Punt et al. 2007). Polar area 
indices were calculated as the ratio between distance between two colpi and equatorial diameter 
in polar view (DC/EP). 
Statistical analyses  





























































































































Descriptive statistics (range of variation and mean values) were performed for the quantitative 
variables related to measurements of pollen grains obtained with LM. Principal component 
analysis (PCA) was used to explore associations between the set of morphological variables and 
the four taxa analyzed. Statistical differences between the four taxa were determined by ANOVA 
at a 5% significance level (p ≤ 0.05) for the evaluated morphological variables. When ANOVA 
test indicated significant differences (p ≤ 0.05), means were compared using the Fischer LSD 
test. All calculations were made using the statistical software Infostat (Di Rienzo et al. 2011). 
Results 
General features 
Pollen grains were tri-colporate, isopolar, radiosymmetric, oblate spheroidal to prolate, medium 
sized (22–42 µm in diameter), circular or lobate amb. The colpi (1–2 µm in width) were narrow 
and the endoapertures were lalongate, with elliptic contour and acute ends. The endoaperture end 
was usually split or projected longitudinally toward the two poles (H-shaped or similar) or curved 
towards one of the poles (horn–shaped). However, the limit of the endoapertures were not always 
clearly visible. A fastigium was present. The exine was tectate or semi-tectate, columellate, 1–3 
µm thick; the sexine was thicker than or as thick as the nexine. The sculpturing was reticulate or 
bireticulate, with ornate lumina. Microperforations were present on the mesocolpium, 
apocolpium, and the apertural region. The lumina or depressions were generally microgranulate. 
The colpus membrane was microgranulate.  
Pollen morphology descriptions of each species 
Carica papaya (Fig. 1A–E, Fig. 3A–C) 
Oblate spheroidal to prolate spheroidal, circular amb. P = 32–40 µm, E = 30–37 µm, P/E = 0.94–
1.13. Exine 1–2.5 µm thick; sexine 1–2 µm, nexine 0.5–1 µm. Endoaperture predominantly 





























































































































rectangular, devoid of equatorial constriction, 6–11 × 3–6 µm. Endoaperture with narrow 
longitudinal. Under SEM, the exine was reticulate or bireticulate, heterobrochate, with irregular 
lumina generally of 1 µm or more in diameter. The muri were psilate. Apocolpium with 
microperforations and a few reticulae. The area surrounding the ectoaperture was psilate with 
microperforations, constituting a margin or margo of approximately 3–4 µm width, which was 
distinguishable under LM and SEM.  
Jacaratia corumbensis (Fig. 1F–J, Fig. 2A, Fig. 3D–F) 
Prolate spheroidal to prolate, lobate amb. P = 29–38 µm, E = 22–32 µm, P/E = 1.09–1.7. Exine 
1–3 µm thick; sexine 0.75–1.5, nexine 0.25–0.5. Elliptic endoaperture slightly constricted or not, 
acute ends, H-shaped endoaperture or with longitudinal projections parallel to the colpi which 
extend to the distal pole, 12–17 × 2–5 µm. Under SEM, the exine was reticulate or bireticulate on 
the mesocolpium; depressions were ≤ 1 µm. Mesocolpium and apocolpium with 
microperforations. 
Jacaratia spinosa (Fig. 1K–O, Fig. 2B–D, Fig. 3G–I) 
Oblate spheroidal to subprolate, subcircular amb. P = 30–39, E = 27–33 µm, P/E = 0.93–1.26. 
Exine 1–2 µm thick; sexine 1–1.5, nexine 0.25–1. Elliptic endoaperture generally with equatorial 
constriction and acute ends or H-shaped, 10–16 × 3–7 µm. Under SEM, the exine was reticulate 
or bireticulate at the mesocolpium. Microperforations were present in both the mesocolpium and 
apocolpium.  
Vasconcellea quercifolia (Fig. 1P–T, Fig. 3J–L) 
 Oblate spheroidal to prolate spheroidal, sub-circular or sub-triangular amb, angulaperturate. P = 
35 –50, E = 34–42, P/E = 0.97–1.33. Exine 1.50–3 µm thick; sexine 1.5–2 nexine 0.5–1.  Elliptic 
endoaperture with equatorial constriction, acute ends or occasionally split ends, 12–19 × 2–6 µm. 





























































































































Under SEM, the exine was reticulate or bireticulate. Microperforations were present in both the 
apertural region and apocolpium.  
Statistical analysis  
The mean values of the pollen morphological variables were compared in Table 2. The ranges of 
variation were 32-50 µm for P, 22-42 µm for E, 1.0-3.0 µm for Ex, 6-19 µm for EnW, and 25-45 
µm for EP, with V. quercifolia exhibiting the highest mean value and J. corumbensis the lowest, 
except for EnW with C. papaya exhibiting the lowest value. PI raged from 0.93 to 1.70, with J. 
corumbensis and C. papaya exhibiting the highest and lowest mean value, respectively. The 
variables EnL and DC ranged between 2.0 and 7.0 µm, and 7.0 and 19 µm, respectively. Carica 
papaya and J. spinosa showed the highest mean values for EnL, whereas V. quercifolia showed 
the lowest value. For DC, C. papaya and J. corumbensis presented the highest and the lowest 
mean value, respectively. The range of variation of PAI was similar for C. papaya, J. 
corumbensis, and J. spinosa the three species with the highest value. Vasconcellea quercifolia 
presented the lowest mean value of PAI.  
A multivariate analysis was carried out to explore correlations between pollen morphological 
variables and the four taxa analyzed. The biplot obtained from the first two principal components 
(PC1 and PC2) explained 97.6% of the total variability in the data (Fig. 4), and showed that E, 
EP, Ex, P, and PAI were the morphological variables of greatest variation among the studied 
species, and exhibited the highest correlation with the first axis. The main correlations with the 
second axis were obtained for PI, EnL, DC and EnW, with the last two exhibiting the highest 
correlation with this axis. The biplot in the first axis indicated that of all the studied species, V. 
quercifolia was positively correlated with E, EP, Ex, and P, and explained 58.8% of the total data 
variability. Jacaratia corumbensis and J. spinosa were placed on the opposite side of the axis; 





























































































































PAI and PI contributed to their separation since J. spinosa was positively correlated with PAI, 
whereas J. corumbensis was positively correlated with PI. Along the second axis of the biplot, 
which displayed 38.8% of the variation of the data, C. papaya was positively correlated with DC 
(Fig. 4).   
Significant differences were observed among the four species for all the quantitative 
morphological variables analyzed (Table 3 p < 0.05). V. quercifolia differed from the other three 
species in seven (P, E, PI, Ex, EnW, EP, PAI) of the nine variables, followed by J. corumbensis 
with six variables (P, E, PI, Ex, EnW, EP), whereas C. papaya and J. spinosa were distinguished 
from the rest of the species by five variables (E, PI, EnW, DC, EP). It is noteworthy, that V. 
quercifolia exhibited the highest mean value for P, E, Ex, EnW, EP, and the lowest for PAI. The 
remaining species did not differ among them in PAI. The highest PI was recorded in J. 
corumbensis and the highest DC mean value was observed in C. papaya. 
Discussion 
In agreement with previous studies in Caricaceae, the pollen grains of C. papaya, J. corumbensis, 
J. spinosa and V. quercifolia (van der Hammen 1952; Erdtman 1966; Badillo 1971; Ludlow-
Wiechers 1981; Sandoval Sierra et al. 2006) are tri-colporate with lalongate endoapertures, and 
spheroidal to prolate in shape; the exine is tectate collumelate, perforate, reticulate or bireticulate, 
and lumina and colpus membrane are granulate. Also in agreement with previous studies, the 
pollen grains of the Caricaceae species studied are of medium size. Phuangrat et al. (2013) 
analyzed the pollen diameter of perfect and staminate flowers in C. papaya (non–acetolyzed 
samples and measurements from SEM images), and did not find larger pollen size or significant 
differences between flowers morphs. However, Sandoval Sierra et al. (2006) reported large 
pollen grains in acetolyzed samples of C. papaya (50–52 µm). In contrast with the present study, 





























































































































the latter authors indicated that spheroidal shape is absent in C. papaya and Vasconcellea. 
Although it is not mentioned in the article by Phuangrat et al. (2013), the SEM pollen 
photomicrographs in that work reveal the presence of a margo in the examined samples of C. 
papaya. Accordingly, variability of pollen grains among different specimens of C. papaya 
concerns shape, size, and distinction of the margo; therefore, these slight variations should be 
considered for pollen identification in this species.  
The present study confirms the typical lalongate aperture found in Caricaceae, and adds that the 
endoapertures can exhibit H shape, slightly branch ends, or markedly split ends into narrow 
projections directed toward the two distal poles (seen in polar view as refractive striae 
surrounding the colpus). All possible shapes were present even in a single sample of Jacaratia 
species. However, besides the typical lalongate aperture, only the more elaborated endoaperture 
was observed in C. papaya, and only endoapertures with split ends were present in V. quercifolia. 
In other angiosperm families, both a lalongate horn–shaped endoaperture and a margin are 
present in some Primulaceae (Carrion et al. 1993). A margin, lalongate endoaperture, and 
reticulate sculpture are present together in pollen grains of the Fabaceae species (Luz et al. 2013). 
The H endoaperture was defined by Punt and Nienhuis (1976) as a composite endoaperture, 
consisting of a central part which connects two lateral, longitudinally elongated legs, thus 
forming an H. These legs may be short or long. This type of endoaperture was also reported in 
other families, such as Cornaceae, Gentianaceae, and Rubiaceae (Punt et al. 2007; Kuang et al. 
2008). Additionally, quite similar longitudinal endoaperture projections to those found in LM 
images of Carica and Jacaratia seem to be present in Qualea Aubl. and Vochysia Aubl. 
(Vochysiaceae); these structures were described as large grooves devoid of nexine limiting a great 





























































































































apertural area (Barth and Luz 2014). The range of variation in endoapertures is noteworthy for 
Caricaceae, and is probably rare or with an underreported occurrence among angiosperms. 
The multivariate analysis clearly showed that the four taxa were distinguishable based on specific 
pollen morphological traits. PAI and PI contributed to the differentiation between J. corumbensis 
and J. spinosa, respectively; distinguish J. corumbensis from J. spinosa, respectively, DC 
allowed the discrimination of C. papaya, and E, EP, Ex, and P of V. quercifolia. 
Based on the studied material, pollen have characters of strong diagnostic value to discriminate 
species of Carica, Jacaratia, and Vasconcellea. Those features include equatorial axis, polar 
index, endoaperture width and apocolpium size (distance between two colpi) and are useful for 
species determination. According to Sandoval Sierra et al. (2006), Vasconcellea species [V. 
cauliflora (Jacq.) A.DC., V. cundinamarcensis V.M.Badillo, V. crassipetala V.M.Badillo, V. 
goudotiana Triana & Planch., V. longiflora V.M.Badillo, and V. sphaerocarpa (García-Barr. & 
Hern.Cam.) V.M.Badillo, are separated from C. papaya mainly by polar and equatorial axis 
values, and by polar area. In the current study, the nine palynological traits tested were important 
to discriminate C. papaya from the studied species of Vasconcellea.  
The distinction of both genera can be determined using palynological features, thus supporting 
the phylogenetic distance between Carica and Vasconcellea, as revealed by recent molecular 
phylogenetic studies (Carvalho and Renner 2014).  
Conclusions 
A range of endoaperture shapes in the Caricaceae species as well as the presence of margo in 
pollen grains of Carica papaya are reported for the first time in the family. Therefore, these are 
new characters of diagnostic value for species identification. Indeed, the present study confirms 
that even though Caricaceae is a stenopalynous family, the palynological traits together with 





























































































































statistical analyses of quantitative variables is a reliable tool for determining the taxonomic 
groups. Future studies in Caricaceae should integrate palynology with genetic data, such as 
genome size and chromosome number, as well phylogeny to arrive at stronger conclusions about 
the systematic implication of the palynological traits. 
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Table 1. Specimens examined and voucher information 
 
Species  Voucher  Collection  
Carica papaya L. 
 
Keller 1864 (CTES) 
 
Paraje Paraíso, San Pedro, Misiones, Argentina 
 Keller 1881 (CTES) San Ignacio, Misiones, Argentina 
Jacaratia corumbensis  
 
Schulz 15840 (CTES) 
 
Sáenz Peña, Chaco, Argentina 
Kuntze Pedersen 15832 (CTES) Rosario de la Frontera, Salta, Argentina 
 
J. spinosa (Aubl.) A.DC. 
 
Keller 9285 (CTES) 
 
San Isidro Labrador, Iguazú, Misiones, Argentina 
 Keller 7737 (CTES) Complejo Club del Río, San Ignacio, Misiones, Argentina  
Vasconcellea quercifolia 
 
Tressens et al. 3430 (CTES) 
 
Rincón Santa María, Ituzaingó, Corrientes, Argentina 
A. St.-Hil. Tressens 3622 (CTES) Carlos Pellegrini, Mercedes, Corrientes, Argentina 
























































































































































Table 2. Pollen grain measurements in species of Carica, Jacaratia and Vaconcellea (minimum, 
maximum and mean values the latter inside parentheses) 
 
 
Species P* E* PI Ex* EnL EnW* DC* EP* PAI 



























































































































































































































 C.  J.  J.  V.  










































Distance between colpi 













Equatorial      

























Table 3. Mean values of pollen morphological variables measured in C. papaya, J. corumbensis, 



























































































































































Figure 1. LM photomicrographs of pollen grains. Carica papaya: A. Equatorial view. B. Colpus 
in equatorial view; note margins (asterisks) of a psilate appearance and detail of rectangular 
endoaperture contour. C. Mesocolpium ornamentation. D. Polar view. E. Apocolpium and colpi 
margo. Jacaratia corumbensis. F. Equatorial view. G. Colpus in equatorial view. H. Aperture in 
sub-equatorial view, with bifurcated endoaperture end. I. Polar view. J. Apocolpium. Jacaratia 
spinosa. K. Equatorial view. L. Aperture with bifurcated endoaperture end. M. Mesocolpium. N. 
Polar view. O. Apocolpium sculpture. Vasconcellea quercifolia. P. Equatorial view. Q. Colpus in 
equatorial view and endoaperture with constriction. R. Mesocolpium. S. Polar view. T. 
Apocolpium sculpture. Scale bars = 20 µm.  
 
Figure 2. LM photomicrographs of pollen grains and endoapertures in Jacaratia. J. corumbensis: 
A. Lateral equatorial view of H endoaperture (arrows), with upper bifurcation (upper arrow). J. 
spinosa: B. Endoaperture extending parallel to the colpi and surrounding it at the distal pole 
(arrows). C. Lateral equatorial view of a horn-like endoaperture (arrow). D. Lateral equatorial 
view of elaborated endoaperture (arrows). Scale bars = 20 µm. 
 
Figure 3. SEM photomicrographs of the pollen grains. Carica papaya: A. Equatorial view and 
detail of exine at mesocolpium. B. Polar view; note margin around each colpus. C. Detail of the 
aperture and perforate exine. Jacaratia corumbensis: D. Equatorial view and detail of exine at 
mesocolpium. E. Polar view. F. Detail of the aperture and exine. Jacaratia spinosa: G. Equatorial 
view and exine at mesocolpium. H. Polar view. I. Detail of the aperture and exine. Vasconcellea 





























































































































quercifolia: J. Equatorial view and scabrate exine at mesocolpium. K. Polar view. L. Detail of the 
aperture and scabrate exine. Scale bars = 2 µm (C, F, I, L); 5 µm (A, B, D, E, G, H, J, K). 
 
Figure 4. Biplot showing relationships between pollen morphological variables (black circles) 
and the four taxa analyzed (grey triangles). See text for character abbreviations. 






























































































































Figure 1. LM photomicrographs of pollen grains. Carica papaya: A. Equatorial view. B. Colpus in equatorial 
view; note margins (asterisks) of a psilate appearance and detail of rectangular endoaperture contour. C. 
Mesocolpium ornamentation. D. Polar view. E. Apocolpium and colpi margo. Jacaratia corumbensis. F. 
Equatorial view. G. Colpus in equatorial view. H. Aperture in sub-equatorial view, with bifurcated 
endoaperture end. I. Polar view. J. Apocolpium. Jacaratia spinosa. K. Equatorial view. L. Aperture with 
bifurcated endoaperture end. M. Mesocolpium. N. Polar view. O. Apocolpium sculpture. Vasconcellea 
quercifolia. P. Equatorial view. Q. Colpus in equatorial view and endoaperture with constriction. R. 
Mesocolpium. S. Polar view. T. Apocolpium sculpture. Scale bars = 20 µm.  
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Figure 2. LM photomicrographs of pollen grains and endoapertures in Jacaratia. J. corumbensis: A. Lateral 
equatorial view of H endoaperture (arrows), with upper bifurcation (upper arrow). J. spinosa: B. 
Endoaperture extending parallel to the colpi and surrounding it at the distal pole (arrows). C. Lateral 
equatorial view of a horn-like endoaperture (arrow). D. Lateral equatorial view of elaborated endoaperture 
(arrows). Scale bars = 20 µm.  
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Figure 3. SEM photomicrographs of the pollen grains. Carica papaya: A. Equatorial view and detail of exine 
at mesocolpium. B. Polar view; note margin around each colpus. C. Detail of the aperture and perforate 
exine. Jacaratia corumbensis: D. Equatorial view and detail of exine at mesocolpium. E. Polar view. F. Detail 
of the aperture and exine. Jacaratia spinosa: G. Equatorial view and exine at mesocolpium. H. Polar view. I. 
Detail of the aperture and exine. Vasconcellea quercifolia: J. Equatorial view and scabrate exine at 
mesocolpium. K. Polar view. L. Detail of the aperture and scabrate exine. Scale bars = 2 µm (C, F, I, L); 5 
µm (A, B, D, E, G, H, J, K).  
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Figure 4. Biplot showing relationships between pollen morphological variables (black circles) and the four 
taxa analyzed (grey triangles). See text for character abbreviations.  
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